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Abstract. This study analyses the inﬂation hedging effectiveness of residential real estate
over the 1969–94 period. The results indicate that residential real estate is a signiﬁcant
hedge against both expected and unexpected inﬂation. These results indicate that since
ﬁnancial assets are not good inﬂation hedges in periods of high unexpected inﬂation,
including real estate in a portfolio should decrease the variance of the portfolio returns.
These results were made possible by the use of the Added Variable Regression Method
(AVRM), a measure which has yet to be employed in this context. There are nine variables
included in the AVRM framework which are also found to have signiﬁcant explanatory
power relative to residential real estate returns.
Introduction
The reason for holding a diversiﬁed portfolio of assets is to decrease the volatility in
returns when market factors change and to provide an investor with a positive real
rate-of-return. Since diversiﬁcation can be achieved without real estate, why should
investors hold real estate in their portfolios?1 Financial assets, such as common stocks
and bonds, have been found to be poor performers when inﬂation is higher than
expected.2 Therefore, if real estate is an effective hedge against unexpected inﬂation,
then it should likely be included in efﬁcient portfolios.
The purpose of this study is to determine the inﬂation hedgeability of residential real
estate and the implications that result relative to the inclusion of real estate in efﬁcient
portfolios. Residential real estate returns will be related to inﬂation, both anticipated
and unanticipated, and noninﬂationary components using an added variable
methodology which has yet to be used in this area of research. By separating returns
into these various components, the inﬂation hedging effectiveness can be better
understood.3
The next section reviews the relevant literature. The third section contains the
explanation and reasoning for employing the added variable methodology. The fourth
section describes the data set. The results are presented in the ﬁfth section. The ﬁnal
section discusses the implications of the results.
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Literature Review
A voluminous amount of literature exists concerning the ability of securitized real
estate to hedge inﬂation. Studies by Gyourko and Linneman (1988), Goebel and Kim
(1989), Murphy and Klieman (1989), Chan, Hendershott and Sanders (1990), Park,
Mullineaux and Chew (1990) and Liu and Mei (1992) are prime examples. However,
little work has been done on the inﬂation hedgeability of unsecuritized real estate.
Thus far, only papers by Fama and Schwert (1977), Fogler, Granito and Smith (1985),
Hartzell, Hekman and Miles (1987) and Rubens, Bond and Webb (1989) have
attempted to rigorously examine this issue.
Fama and Schwert (1977) test the inﬂation hedgeability of residential real estate,
Treasury bills, corporate bonds, government bonds, common stocks and labor income.
They conclude that private residential real estate is a complete hedge against both
expected and unexpected inﬂation. However, several problems exist with the data.
First, the only type of residential real estate considered is FHA-insured single-family
homes. Second, a lag relationship exists between when the FHA collects the data and
when the data is reﬂected in the Consumer Price Index (CPI). Finally, the results of
the study are probably due to a high correlation between the return on residential real
estate and the rate of inﬂation.
Fogler, Granito and Smith (1985) study the relationship between real estate returns
and the inﬂation rate. Two possible explanations are offered for the observed positive
relationship. The ﬁrst is that there is a positive relationship between the two variables.
Second, it is the result of changing investor expectations concerning the inﬂation
hedgeability of real estate. The authors decide that the second explanation is valid,
but not the ﬁrst.
Hartzell, Hekman and Miles (1987) examine the inﬂation hedgeability of a
commingled real estate fund (CREF) using two tests which involve T-bill rates as the
basis for expected inﬂation. The ﬁrst test is based on Fama and Schwert (1977), while
the second uses a non-constant real rate that moves according to an integrated moving
average process. They further examine the beneﬁts of including real estate in
portfolios and conclude that commercial real estate does, in fact, act as a complete
hedge against both expected and unexpected inﬂation.
Rubens, Bond and Webb (1989) examine the inﬂation hedgeability of three types of
real estate (residential, commercial, and farmland) and four types of ﬁnancial
instruments both as individual assets and as parts of portfolios. They ﬁnd that all three
types of real estate are at least partial inﬂationary hedges and that portfolios which
include real estate realize an increase in inﬂation hedgeability. Exhibit 1 summarizes
these four studies associated with the hedging effectiveness of real estate.
This study builds on these previous works by employing a more sophisticated
methodology and by examining several additional explanatory variables, not just the
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Exhibit 1
Summaries of Studies Associated With The Hedging
Effectiveness of Real Estate
Study Sample Period Results
Fama and Schwert (1977) 1953–1971 Private residential real estate provides a
complete hedge against expected and
unexpected inﬂation.
Fogler, Granito and Smith (1985) 1952–1983 A decline in required rate of return on real
estate, due to a relative increase in inﬂation
beta, drove returns during the 1970s.
Hartzell, Hekman and Miles (1987) 1973–1983 A well diversiﬁed portfolio of real estate
was a complete hedge against expected
and unexpected inﬂation.
Rubens, Bond and Webb (1989) 1960–1986 Commercial and residential real estate
provide at least a partial hedge against
inﬂation and that portfolios that include
real estate realize an increase in inﬂation
hedgeability.
Methodology
Our goal is to determine which factors compose the nominal returns associated with
investments in real estate. Since it is known that real estate returns are a function of
inﬂation, both anticipated and unanticipated, the salient question to ask is what other
factors affect real estate returns.
The Added Variable Regression Methodology (AVRM) will be employed in an attempt
to answer this question. AVRM has several advantages over previous methodologies
used to assess the hedgeability of various asset returns. Ordinary inﬂation hedgeability
does not account for the real opportunity costs of risks, which vary across assets. The
use of CAPM could overcome this drawback, assuming that it is without ﬂaws. The
validity of CAPM, however, has been challenged by Roll (1980, 1981), Bhandari
(1988), Chan, Hamao and Lankonishok (1991), Hansen and Jagannathan (1994) and
Fama and French (1992, 1996), to name a few, rendering the ordinary hedgeability
method questionable.
Fisherian inﬂation hedgeability as discussed in Bodie (1976), Nelson (1976) and Fama
and Schwert (1977), assesses the correlation between the movement of an asset’s
returns and movements in the inﬂation rate. The closer the covariance divided by the
variance of the market is to one, the better the inﬂation hedge.4 Fisherian inﬂation
hedgeability differs from ordinary hedgeability in that an asset that appreciates rapidly
and consistently over a long time horizon due to factors other than inﬂation, such as
stocks, are inﬂation hedges in the ordinary sense, but not the Fisherian sense.
AVRM overcomes the difﬁculties associated with both methods by segregating the
systematic components of return into inﬂation and non-inﬂation related rates. The330 JOURNAL OF REAL ESTATE RESEARCH
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inﬂation rate is further broken down into its anticipated and unanticipated components.
The remaining non-inﬂation related systematic variables reﬂect only the real rates of
return without expected and unexpected inﬂation. These are the variables of interest.
The AVRM can be represented by the equation:
R 5 a 1 a [i 2 i ] 1 a i 1 d SC 1 ... 1 d SC 1 V (1) it 0j 1jt t 2 t 1j 1tk 22jk t i t
where:
Rit 5 Return;
it 2 t 5 i Unanticipated inﬂation;
t 5 i Anticipated inﬂation;
SC1i 5 Various real components without inﬂation effects;
aij and dij 5 Standard regression coefﬁcients; and
Vit 5 Error term.
To derive this equation, the following multi-factor regression model is used, since past
research has shown that the (Rit) is a function of more than one variable:
R 5 b 1 BF 1 ... 1 b F 1 « (2) tj j0 j11 tj k 1tj t
where:
Fjt 5 The jth real systematic component factor of Rjt;
bjt 5 Standard regression coefﬁcients; and
«it 5 Error term.
To determine Fit, is used as an estimate. is found by employing a principle SC* SC* it it
components factor analysis and is deﬁned as:
SC* 5 r 1 i (3) it it jt
where:
rit 5 Real rate of return;
ijt 5 Inﬂation rate; and
5 SC* it Nominal rate of return.
The number of ’s is determined by the minimum acceptable eigenvalue generated SC* it
for each factor score. Once the ’s have been calculated, they are then regressed SC* jt
against unanticipated and anticipated inﬂation as represented by the following
equation:
SC* 5 F 1 F [i 2 i ] 1 F i 1 v . (4) jt 0t 1tt t 2jt i t
The residuals from this equation will be termed SCjt, and can be interpreted as theREAL ESTATE RETURNS AND INFLATION: AN ADDED VARIABLE APPROACH 331
real component of the rate-of-return without the effects of unanticipated and
anticipated inﬂation. Replacing Fjt in Equation (2) with , yields: SC* jt
R 5 d 1 d SC* 1 ... 1 d r 1 « . (5) it 0j 1j 1tk j k t i t
Substituting Equation (3) into Equation (5), yields:
R 5 a 1 a i 1 d r 1 ... 1 d r 1 « (6) jt 0j 1jt 1ji t k jk t i t
if it 5 [it 2 t] 1 t, then ii
R 5 a 1 a ([i 2 i ] 1 i ) 1 d r 1 ... 1 d r 1 « . (7) jt 0j 1jt t t 1ji t k jk t i t
As previously mentioned, SCjt is the residual from Equation (4). This term is the same
as rit in Equation (7). Thus, making the substitution and distributing a1j to both terms
in Equation (7), yields Equation (1), the ﬁnal equation which will be used in the
analysis.5 The advantage of this AVRM equation is not only that unanticipated
inﬂation, anticipated inﬂation and other real systematic components are separated, but
more importantly, that there is no longer any signiﬁcant multicollinearity among the
variables. Furthermore, AVRM does not require a risk adjustment to assess an asset’s
inﬂation hedgeability.
Data
To determine the inﬂation hedgeability of real estate, several variables were chosen
that were posited to have an effect on residential real estate returns. The variables are
shown in Exhibit 2. The three common variables found in each of the studies cited
are actual, anticipated and unanticipated inﬂation. The CPI is used to proxy actual
inﬂation (AI). Expected or anticipated inﬂation (EI) is estimated by using a ﬁrst-order
auto-regressive moving average process. The difference between the two measures is
the proxy for unexpected or unanticipated inﬂation (UI).
In addition to inﬂation related variables, non-inﬂation related variables are included
in order to determine their return generating explanatory power. Variables that are
predicted to be positively related to residential real estate returns include HH, GYDQ
(CDI) and GDPQ (CG). The variable HH is equal to the ratio of the number of
households to the total population. GYDQ is real disposable income on a quarterly
basis and is reported by the Department of Commerce. CDI is simply the percentage
change in real disposable income. This variable will ultimately be used in the analysis.
GDPQ is real gross domestic product expressed on a quarterly basis and CG is the
percentage change in real GDP. Again, only CG will be used in the ﬁnal analysis.
The variable used to estimate the return on residential real estate is EH (existing
housing sales). EH, as reported by the National Association of Realtors, shows the
median sales price of existing homes per quarter. There are four basic methods used
to create housing price indices: hedonic, repeat-sales, new home sales and total sales.
With the hedonic method, sales prices are regressed against various home attributes332 JOURNAL OF REAL ESTATE RESEARCH
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Exhibit 2
Description of Variables Posited To Have a Signiﬁcant Effect on Residential
New and Existing Housing Prices
Variable Description of Variable
AI Consumer Price Index. From the Department of Labor Statistics.
EI A ﬁrst-order auto-regressive moving average.
UI Actual inﬂation minus expected inﬂation.
HH The ratio of the number of households to the total population.
GYDQ Real disposable income on a quarterly basis.
CDI The percentage change in GYDQ.
GDPQ Real gross domestic product on a quarterly basis.
CG The percentage change in GDPQ.
EH The median sales price of existing homes as reported by the National Association of
Realtors.
FC Construction ﬁnancing cost. The prime rate as reported by the Board of Governors
of the Federal Reserve System.
RFC Financing cost minus actual inﬂation.
MR Fixed-rate mortgage rate as reported by the Federal Housing Commission.
RMR Real MR. Fixed-rate mortgage rate minus actual inﬂation.
CC Housing construction costs as reported by the Department of Commerce.
PCC The percentage change in CC.
LC Construction labor costs as reported by the Department of Commerce.
PLC The percentage change in LC.
Note: AI 5 Actual Inﬂation: EI 5 Expected Inﬂation; UI 5 Unexpected Inﬂation; and EH 5 Existing
Housing.
resulting in an implicit value for each attribute. These values are then allowed to
change over time and/or for different localities resulting in a constant house price
index. Haurin and Hendershott (1991) discuss several problems with this method:
sampling biases, choice of the correct functional form of the hedonic model and
inclusion (omission) of all relevant (irrelevant) variables.
The repeat-sales method, as the name implies, consists of the same sample of
properties sold over time. The problems associated with this method include the
following: the assumption that housing quality is constant between sales, attribute
prices may change over time and the sample is restricted to a much smaller size
because of infrequent sale price observations. A new home sales index measures only
the new homes sold each period. As such it does not consider the fact that homes
built today tend to be larger than those in the past (property attributes). Although this
ﬂaw seems less severe than the other two methods, we use the fourth method, existing
home prices. Clapp, Giaccotto and Tirtiroglu (1991) show that the existing home price
index behaves similarly to the repeat-sales index (if the time series sample is longer
than three years), but does not suffer the same problems as the repeat-sales method.6
Variables that are predicted to be negatively related to residential real estate returns
include FC, RFC, MR, RMR, CC or (PCC), and LC or (PLC). FC is the construction
ﬁnancing cost and is measured by the prime rate, as reported by the Board ofREAL ESTATE RETURNS AND INFLATION: AN ADDED VARIABLE APPROACH 333
Exhibit 3
Descriptive Statistics Including Sample Means,
Standard Deviations, Minimums and Maximums
Variable Mean Std. Dev. Min. Max.
HH 0.35 0.02 0.31 0.38
MR 10.28 2.44 7.19 17.76
RFC 3.63 2.83 22.22 9.60
RMR 4.44 3.18 22.23 11.33
PCC 1.22 1.51 22.81 8.10
PLC 1.16 0.84 20.58 3.20
CG 0.62 0.94 22.56 3.21
CDI 0.69 1.05 22.02 4.72
FC 9.46 3.33 4.89 20.32
UI 0.03 0.24 20.62 0.56
RI 5.81 3.01 1.54 14.39
EH 6.86 3.69 20.50 15.92
Governors of the Federal Reserve System. RFC is real FC, an adjusted form of FC
performed by subtracting AI from FC. MR is the ﬁxed-rate mortgage rate reported
from the Federal Housing Administration, while RMR is the real ﬁxed-rate mortgage
rate adjusted by subtracting AI from MR. CC represents housing construction cost,
and is reported by the Department of Commerce in the form of an index. PCC is the
percentage change in CC and will be used the analysis. The ﬁnal variable, LC,
measures construction labor costs as reported again by the Department of Commerce.
For consistency, the percentage representation, LC, is converted into the usable
variable PLC, which is simply the percentage change in LC. All data are quarterly,
then annualized and cover the period from ﬁrst quarter 1969, to second quarter, June
1994. The beginning period corresponds with the availability of data. The ﬁnal period
is the last period for which construction costs are available. There are 102 time periods
over which all variables contain observations. Summary statistics such as sample
means, standard deviations, minimums and maximums for all variables are shown in
Exhibit 3.
Results
Several steps must be performed before results concerning the inﬂation hedgeability
of real estate can be determined. Exhibits 4 through 7 refer to existing housing (EH)
returns. Exhibit 4 shows the eigenvalues and percentage of variation explained by
each of the nine factors generated from the principle components factor analysis.
Factors 1, 2 and 3 all have eigenvalues over the critical level of 1.00. These three
factors help explain 76.7% of the variance of the model. Since three factors have
eigenvalues over 1.00, there exists three factors that can be regressed against expected
and unexpected inﬂation. These factors and the factor loadings of their inclusive
variables are shown in Exhibit 5.334 JOURNAL OF REAL ESTATE RESEARCH
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Exhibit 4
Eigenvalues and Percentage of Explained
Variation for the Ten Factors
Factor Eigenvalue % of Var. Cum. %
1 3.44 38.2 38.2
2 2.14 23.8 61.9
3 1.33 14.8 76.7
4 0.92 10.2 86.9
5 0.50 5.6 92.4
6 0.37 4.1 96.5
7 0.22 2.5 99.0
8 0.09 1.0 100.0
9 0.00 0.0 100.0
Exhibit 5
Factor Groupings and Loadings for Each of the
Ten Noninﬂation Variables
Variable Factor 1 Factor 2 Factor 3
HH .739 2.266 2.380
MR .721 .548 .323
RFC .945 .031 .122
RMR .837 2.338 .102
PCC 2.508 2.141 .065
PLC 2.492 2.632 .401
CG 2.014 2.682 .514
CDI 2.060 2.452 .754
FC .531 .751 .242
Factor loadings of over .50 are considered to contribute signiﬁcantly to the factors in
which they are included. Therefore, factor 1 includes the variables HH, MR, RFC,
RMR and PCC. Factor 2 contains PLC, CG and FC, and factor 3 contains CDI.
These three factors are then regressed against expected and unexpected inﬂation. The
residuals from these equations are termed RES 1, RES 2 and RES 3, respectively.
These residual variables are then regressed along with expected and unexpected
inﬂation against the dependent variable EH to determine the explanatory power of
each variable.
Exhibit 6 contains the results from the regression of expected inﬂation, unexpected
inﬂation, and the residuals from the three factors on EH, existing housing prices. All
of the variables are signiﬁcant at the 95% level of conﬁdence. More importantly, note
that both the expected and unexpected inﬂation coefﬁcients are positive and highly
signiﬁcant (Sig T 5 .0000). This result clearly demonstrates the inﬂation hedgeability
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Exhibit 6
Regression of Expected Inﬂation, Unexpected Inﬂation and the Residuals
From the Three Factors on Existing Home Prices
DF Sum of Squares Mean Square
Panel A: Analysis of Variance
Regression 5 894.17 178.83
Residual 94 481.65 5.12
Panel B: Variables in the Equation; F 5 34.902 and Sig. F 5 0.00
B SE B Beta T Sig T
EI 0.68 0.08 0.55 8.95 0.00
UI 4.16 0.95 0.27 4.36 0.00
RES 1 21.54 0.26 20.39 25.87 0.00
RES 2 20.84 0.42 20.14 22.02 0.05
RES 3 0.52 0.24 0.14 2.20 0.03
Constant 2.76 0.50 5.57 0.00
Note: The dependent variable is EH; the independent variables are UI, EI, RES 5, RES 6 and
RES 7. The multiple R is .8062, R2 is .6499, the adjusted R2 is .6313 and the Standard Error is
2.264.
The R2 of the regression equation is .6499. This is an extremely high number when
compared to previous representations of similar equations. Traditional tests of inﬂation
hedging effectiveness treat residential real estate returns as constant. If in fact these
returns are dynamic, a model’s R2 will be lower. The greater the volatility in returns,
the lower the R2. Therefore, even if residential real estate returns are a complete hedge
against both anticipated and unanticipated inﬂation, the relationship with actual
inﬂation may explain only a small portion of the variation in the real estate returns
over time. Thus, the magnitude of R2 does not have the usual importance for
hypothesis testing. Further, as volatility increases, the independent variables have a
lower level of signiﬁcance.
Panel A of Exhibit 7 shows the results from the regression of expected and unexpected
inﬂation on EH via the traditional method. Neither of the variables is signiﬁcant and
the overall model has an R2 of .009. The classical linear regression assumption of
having no correlation in the residuals over time is violated, so to correct for the auto-
correlation, the Cochrane-Orcutt method is employed and the results are shown in
Panel B. Now both variables are signiﬁcant and the R2 has increased to .414.
Therefore, while the Cochrane-Orcutt methodology has increased the explanatory
power of the traditional regression, the AVRM still provides a better model.
A ﬁnal point of interest is that all nine variables chosen are signiﬁcant in explaining
variation in residential real estate prices. This is concluded from the fact that each
variable had a factor loading of greater than .50 in at least one factor.336 JOURNAL OF REAL ESTATE RESEARCH
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Exhibit 7
Regression of Expected and Unexpected Inﬂation on Existing Housing Prices
With and Without the Cochrane-Orcutt Correction
Variable B SE B Beta T Signiﬁcant T
Panel A: Without the Cochrane-Orcutt Method
UI 0.24 0.61 0.04 0.40 0.688
EI 20.15 0.20 20.08 20.77 0.447
Constant 7.31 2.20 3.32 0.001
Panel B: With the Cochrane-Orcutt Method
UI 4.11 1.21 0.27 3.40 0.001
EI 0.67 0.01 0.55 7.00 0.000
Constant 2.84 0.62 4.56 0.000
Note: The dependent variable is EH; the independent variables are UI and EI. The R2 without the
Cochrane-Orcutt Method is 5 .0093, the R2 with the Cochrane-Orcutt Method is .4135.
These results indicate that both expected and unexpected inﬂation signiﬁcantly explain
variations in residential real estate returns. The results are also much more robust than
earlier studies with regard to residential real estate as an effective inﬂation hedge.
Implications and Conclusions
The purpose of this study was to test the inﬂation hedgeability of residential real
estate. To estimate the returns on residential real estate, the percentage change in
existing housing sale prices was used. The results indicate that both expected and
unexpected inﬂation are signiﬁcant components of residential real estate returns. These
results were made possible by the employment of the AVRM. There were nine
variables included in the AVRM framework that were also found to have explanatory
power relative to residential real estate returns.
Future research should be performed using total returns to residential real estate, not
just price appreciation data. Further, securitized real estate can also be examined by
using the AVRM to test for the inﬂation hedgeability of their various return
components.
Notes
1Extant literature surrounding the ability of real estate to warrant inclusion in optimal portfolios
is clear. Real estate should be included! How much to include, however, is still a topic of
debate. As little as 10%–15% to as much as 66% has been suggested (see Ennis and Burik,
1991; and Webb, Curico and Rubens, 1988). Gold (1995), among others, provides an
explanation for the wide disparity in percentages.
2See Norman, Sirmans and Benjamin (1995) for a review.REAL ESTATE RETURNS AND INFLATION: AN ADDED VARIABLE APPROACH 337
3Whether or not real estate is an effective hedge against inﬂation is an active research
interest(Norman, Sirmans and Benjamin, 1995) of much debate. It is clear, however, that
different types of real estate have varying abilities to hedge inﬂation (Gyourko and Linneman,
1988). We focus speciﬁcally on the ability of residential real estate to hedge the components
of inﬂation.
4The more advanced version of the Fisher equation is:
Rij 5 a 1 b[it 2 it] 1 git 1 «t, where,
Rij 5 The nominal rate of return;
it 2 t 5 i Unanticipated inﬂation;
it 5 Anticipated inﬂation;
a, b, g 5 Standard regression coefﬁcients; and
«t 5 Error term.
If g 5 1, the nominal rate of return moves 1 for 1 with the anticipated rate, whereas, g 5 0
implies that the Fisherian hypothesis does not hold.
5All of the AVRM results are generated from SPSS version 6.0. While there is no canned
program for performing the AVRM, each step can be performed via separate statistical functions,
and then combined. The reason for the lack of a pre-written program stems from the fact that
the AVRM has been used only twice to our knowledge. Ang, Chua and Reinhart (1983)
employed the new method in an effort to examine comic book inﬂation-hedgeability. Matsumoto
and Hoban (1992) examined the inﬂation hedgeability of Japanese ADR’s.
6See the special issue of the Journal of the American Real Estate and Urban Economics
Association, Fall 1991, devoted to house price indices.
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